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romonomer and processes for producing the aqu^rSspeSfo,i ^ PoWalkylene glycoD-based mac- 

Backoround of the Invention 

Environmental concerns over the use of unioiii>< • 
use or water-horne po^me. as a merto a^^^^^^ have promoted an interest in the 

as. for example, as protective coatings on met^rbevele Sne« ^^^^^ J^f'T' ^ "^'^"^ °' P'''^^'- 
paperandothermaterials. Water-borne polymers arSmadfrthlf '"'"''"'^ ^"'^^^ '"^s for printing on 

However, emulsion polymerization tech^TsTen rS^^^^^ 
agents. In ordertocontrol poverties of the resultirpSrrerfnhl^?^^^^^ 

effective to control the particular properties of the LSTr .h ^ ' ^^^^ a«*dftives are typically 

on the resulting coatings or mms appiierfrC^raa^^^^^^^ '"'""''^ '*^^y<^*^^^ adverse e(f2 
blotchy surfaces. Poor color or offens^eSo TaStitrsuch^^r'"^ T^"'"^ ""^ven or 

.n the emulsion polymerization, the resulting pSl^^^n^VSl,^^^^^^^^ chain transfer agents, are not employed 

v.scosrty Which is higher than that desired fo? Iny cSng appiSois ^'^ ""<^>^^e. e.g.. an inherent 

charr S^er/rS^rw^r^^^^^^^ — are desired v.ich have desirable 

lymerization p«x:ess. viscosity, without the need for utilizing undesirable additives in the po- 

chto„« hyacoxy^w^ ImmmM. US.A.3,657 m£lT'J^!^ ""T' '" ""WlV^stolta, « vinyl 
Summary o f Invention 

medr:rrhtrjr:rc7^^^^ 

desirable properties. aractenstics. e.g.. an inherent viscosity low enough to provide coatings having 

welgCLTri^h"^^^^^ 

macromonomer comprising the reUtion pl^^ o ^a^^^^^^ 9^°"P. (c) a 

weight of from 2000 to 30,000 grams per qrarn mote Ind/m i '^i ,^^^^ ^^"""^ ^ "'^'"ber average molecular 
maleic acid, fumaric acid, itaconto acid WrSSSlitrS^S t ILh S^'''^^"*^ '"'""'"'^ 9^°"P <=°"s'«ting o 

has an Inherent Viscosity of less than oHsXe^rn^; ^^'^'^ *h«^«'" copolymer 

of ASTM D1243; and (2) water *tem„ned using an Ubbelohde viscometer according to the p^^e 

ofaZ^rircTfi'^i^^^^^^^^ 

(c) from 5 to 30 weight percent of a ma^roZc^efc^Xfe^fo Se ^ '° ^ °' ^'"^ 

methoxypo^,(ethylene glycol) having a 'r^^^^'^STr^T^^ °' ^'^ " poWethylene glycol) 

acid or maleic anhydride; and (2) fKxn 30 to 90 weTgC^clrwrner ^"^^ ""'^ ^"^ <"> 

ishydXrrc^Er;^;^;^^^^^^^^^^^ 

The present invention further prSdes a or^v^pt ? methacrylate. maleic acid, or a mixture thereof, 
comprising (t) polymerizing rnonome^'c^^iSri f c^^^^^^ '^^''"^ -"^v- 

having from 2 to 16 carbon atoms in the eS^ grou^i^S^cfa mS^^^^ "^'"^"^ °' ^ ^ ««t«r 

poly(alkylene glycol) having a number averaoemo^^^'.Z J ^^,'"f^'°"'°r,omer comprising the reaction product (i) a 
a carboxylic acid which is r^Lleic ac^d fuS 'dd Tacolin^^^^^^^ t '° 9'^'" ^ 

the polymerization being conducted in the preSofaS^^^^^^^^^ 
d^olved in the soh^ent; (2) contacting the Cvm^^^ 
Shearing condrtions to form an aqueous^rgaSquS mJSfum c^ll^^^^ 
removing, leastaport^n Of the solventf^Lherecr-^^^^^^^^^ 
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prising a dispersion of the copolynner. 

In the above process the effective amount of water is. for example, 0.25 to 1 times the volume of the solvent, and 
the aqueous medium, for example, comprises less than 1 weight percent of the solvent. 

5 Detailed Description of the Invention 

The vinyl hallde monomers suitable for use In accordance with the present invention include vinyl chloride, vinyl 
bromide, vinyl fluoride or a mixture thereof, with vinyl chloride being preferred. Such vinyl halide monomers are com- 
mercially available. The amount of vinyl halide monomer used in the copolymers of the present invention is from 50 to 

10 go weight percent, preferably from 55 to 80 weight percent and more preferably from 60 to 75 weight percent, based 
on the total weight of the monomers in the copolymer. As used herein, the term "copolymer" means a polymer made 
from two or more monomers. 

The vinyl ester monomer suitable for use In accordance with the present Invention Include those having from 2 to 
1 6 carbon atoms In the ester group. Suitable vinyl ester nnonomers include, for example, vinyl acetate, vinyl propionate. 

IS vinyl butyrates, vinyl pentanoates, vinyl neopentanoate. vinyl hexanoates, vinyl octanoates, vinyl 2-ethylhexanoate. 
vinyl nonanoates, vinyl decanoates, vinyl neoanoates and vinyl neododacanoate. Preferred vinyl esters are vinyl ac- 
etate, vinyl propionate or a mixture thereof, and the most preferred vinyl ester Is vinyl acetate. The vinyl esters suitable 
for use In accordance with the present invention, are commercially available. The amount of vinyl ester monomer in 
the copolymers of the present Invention Is typically from 2 to 30 weight percent, preferably from 2 to 25 weight percent, 

20 more preferably from 3 to 1 5 weight percent, and even more preferably from 5 to 1 2 weight percent, based on the total 
weight of the monomers in the copolymer. 

The macromonomers suitable for use in accordance with the present invention comprise a reaction product of a 
poly (alky lene glycol) and an unsaturated cartoxylic acid or anhydride. Preferably, the acid is selected from the group 
consisting of maleic acid, f umaric acid. Itaconic acid, or anhydrides or half-esters thereof. 

2S The poly(atkylene glycol)s are preferably those that contain from 60 mole % to 100 mole.% ethylene oxide units 

and one or more hydroxyl groups. The remainder, zero to 40 mole % by weight of the alkylene oxide units are preferably 
propylene oxide units. The poly(alkylene glycols) can be homopolymers of ethylene oxide or random, block, or other 
copolymers of ethylene oxide with other alkylene oxides, preferably propylene oxide. Typically, the poly(alkylene gly- 
cols) suitable for use in making the macromonomers of the present Invention have a n umber average mclccular weight 

30 of from 2,000 to 30.000 grams/gmole, preferably from 2000 to 10,000 grams/gmole, and more preferably from 3000 
to 8000 grams/gmole. Techniques for measuring the number average molecular weight of the poly(alkylene glycols) 
are known to those skilled in the art. One such technique is by measuring the hydroxyl number, such as, for example 
and calculating the number average molecular weight therefrom such as described In the Union Carbide Publication, 
CARBOWAX® Polyethylene Glycols, page 42. Test Methods for Specifications (1 986). Further details concerning such 

3S techniques are known to those skilled In the art. 

The poly(alkylene glycols) suitable for use In accordance with the present invention are commercially available. 
Illustrative of such poly(alkylene glycols) are the CARBOWAX® poly(ethylene glycols) and methoxypoly(ethylene gly- 
cols) available from Union Carbide Corporation, Danbury, CT; poly(ethylene glycols) that have both pendant and ter- 
minal hydroxyl groups; the PLURONIC® ethylene oxide/propylene oxide/ethyl en e oxide ABA block copolymers avail- 

40 able from BASF Corporation, Parsippany, NJ; propylene oxide/ethylene oxide AB or (AB)^ block copolymers; monohy- 
droxyl-f unctional ethylene oxide/propylene oxide AB and ABA block copolymers: random copolymers of ethylene oxide 
and propylene oxide; block and random copolymers of ethylene oxide and propylene oxide that have a hydroxyl func- 
tionality greater than 2. Poly(ethylene glycols), methoxypoly(ethylene glycols) and mixtures thereof are preferred for 
use in accordance with the present invention. 

4S The macromonomers are preferably prepared by reacting the unsaturated cartjoxylic acid, or anhydride or half 

ester, with the poly(alkylene glycol) at temperatures of 60**C to 200**C, preferably from 90**C to 1 50*C, for 1 to 24 hours, 
and preferably from 1 to 10 hours at about ambient pressure conditions. It is understood by those skilled in the art that 
higher temperatures are often used when esterification is used to prepare the compounds from a carboxylb acid- 
containing compound.and that lower temperatures are often used to prepare the compounds from anhydrides. 

so Preferably, the macromonomers are prepared using an excess of the acid, or anhydride or half ester, as compared 

to the poly(alky|ene glycol). Preferably, the mole ratio of acid or anhydride to poly(alkylene glycol) Is from greater than 
1 to 3, more preferably from 1 .2 to 2.7 and most preferably, from 1 .25 to 2.5 moles per mole. Further details concerning 
the preparation of the macromonomers suitable for use In accordance with the present Invention are known to those 
skilled in the art. 

55 The amount of macromonomer employed In the copolymers of the present invention is typically from 5 to 30 weight 

percent, preferably from 8 to 25 weight percent and most preferably from 10 to 20 weight percent, based on the total 
weight of the monomers in the copolymer. 
. The copolymers of the present invention may comprise other monomers in addition to the monomers described 
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above. Such additional monomers include, for example, other vinyl monomers having from 2 to 10 carbon atoms per 
molecule, acrylates having from 3 to 20 caitoon atoms per molecule, mixtures thereof, methacrylates having from 3 to 
20 carbon atoms per molecule, acrylonitriles and methacrylonitriles. 

Illustrative of the other vinyl monomers include, for example, maleic anhydride, maleicacid. fumarlcacid Itaconic 
acid and itaconic anhydride, and maleate, fumarate and itaconate diestere and half esters, vinyl ethers such as methyl 
vinyl ether, ethyl vinyl ether, propyl vinyl ethers and vinyl alcohol that is formed from the hydrolysis of vinyl esters such 
as vinyl acetate. Preferred optional vinyl monomers are maleic acid and maleic anhydride 

Illustrative of the acrylates and methacrylates are acrylic acid, methacrylic acid, the esters of acrylic and methacrylic 
acid such as. for example, methyl, ethyl, propyl, butyl, pentyl, hexyl, octyl. decyl, dodecyl. and the like e q bornvl 
isobornyl and isonorbornyl acrylate; 3-hydroxy-1-isopropyl-2,2-dimethylpropyl-{meth)acrylate. 3-hydroxy2 2 4-trimeth- 
y pentyl (meth)aciylate, dicyctopentenylacryate; hydroxyethyl acrylate. hydroxyethyl methacrylates, hydroxypropyl acr- 
ylate. hydroxypropyl methacrylates, hydroxyhexyl acrylates, hydroxydecyl aciylates; caprolactone acrylates cy- 
clohexyl acrylate. 2-phenoxy ethyl aciylate, glycidyl acrylate and glycidyl methacrylate. Preferred acrylates are hydrox- 
ypropyl acrylate and glycidyl methacrylate. lasdrenyarox 

Especially preferred additional monomers include hydroxyethyl acrylate, hydroxypropyl acrylate. glycidyl methacr- 
ylate, maleic acid, or a mixture thereof. 

• P^! ^.^Pecially preferred copolymer suitable for use In accordance with the present invention is a copoVmer of 
vinyl chtoride, vinyl acetate, hydroxypropyl acrylate and a macromonomer comprising the reaction product of a poly 
(ethylene glycol) and maleic anhydride. Another especially preferred copolymer is a copolymer of vinyl chloride vinyl 
acetate, glycidyl methacrylate, maleic acid and a macromonomer comprising the reaction product of a polyfeth'ylene 
glycol) and maleic anhydride. Yet another especially preferred copolymer Is a copolymer of vinyl chtoride, vinyl acetate 
ma eic acid and a macromonomer comprising the reaction product of a poly(ethylene glycol) and maleic anhydride" 
Still another especially preferred copolymer is a copolymer of vinyl chloride, vinyl acetate and a macromonomer com- 
prising the reaction product of a poly(ethylene glycol) and maleic anhydride. 

. f'"o°« °* addittonal monomers, when employed in the copolymers of the present invention, is typically 

from 0.5 to 30 weight percent and preferably from 1 to 20 weight percent, based on the total weight of the monomers 
and the copolymer Further details concerning the selection, preparation, availability and amounts of the addittonal 
monomers are known to those skilled in the art. 

The aqueous dispersions of the present inventton are preferably prepared by a process which comprises solutton 
polymerization, an optfonal dilution, foltowed by the addition of water to form a dispersion, and stripping operations 

The polymenzation of the copolymer can be carried out, for example, by batch solution polymerization or by con- 
tinuous solution polymerization. In each method, a solvent is employed in order toconduct a polymerization in a solution 
phase Preferably, thesolvent has solvency for, i.e., can dissolve, the monomers and the copolymer product Preferably 
the solvent IS water miscible. The solvents for the solutton polymerization also preferably have a low boiling point to 
mirnmize thermal decompositton of products during removal and act as chain transfer agents. Illustrative solvents 
include ketones, hydrocarbons and esters. Preferred solvents are acetone, methylethyl ketone and mixtures of ketones 
and lower alcohols. Acetone is an especially preferred solvent for use in accordance with the present invention Typ- 
ically the amount of solvent used in the polymerization is from 20 to 80 weight percent and preferably from 3o'to 70 
weight percent, based upon the total weight of the solvent and the monomers. 

The initiators suitable for conducting the solution polymerization include any initiators capable of generatinq free 
radicals in the monomers. Illustrative of such initiators are isopropylperoxydicarbonate, and other peroxydicarbonates 
acetyl peroxide and other diacyl peroxides, t-butylperoxy acetate and other peresters, dicumyl peroxide and other 
dialkyi peroxides, azobisisobutyronitrile and other diazo compounds. 

In additfon to the initiator described above, other ingredients, known to those skilled in the art of solution polym- 
erization can be added. Preferably, however, the polymerization is conducted with a substantial absence. I e preferably 
less than 5 weight percent and more preferably less than 1 weight percent, of additives which can have a deleterious 
effect on coatings made from the copolymers of the present inventton. Such deleterious ingredients, include for ex- 
ample, chain transfer agents and surfactants. 

Typically, batch solution polymerization is carried out in a stirred tank type reactor with inlet and outlet ports a 
means for h eating and cooling and associated instrumentatton known to those skilled in the art of such polymerizations 
A preferred semi-batch polymerization process is as follows. An initial reactor charge containing a portion of the 
monomers and the solvent is prepared and added to the reactor. The reactor is then heated to the desired reaction 
temperature, preferably from 50 to 70»C. Then, the remaining monomers, including the macromonomer, and the initiator 
are ted to the reactor continuously or in portions, preferably at least 8 porttons, over time, preferably from 1 hour to 8 
hours. When all of the monomer and initiator has been fed, the mixture is maintained at the reaction temperature to 
complete the reaction, e.g., up to 4 hours. When the reaction is complete, the reactor is purged to reiTXJve restoual 
unreacted monomers. If desired, additional solvent may be added in order to dilute the polymer solution 

Typically, continuous solutton polymerization is carried out in a jacketed, continuous stirred tank reactor, ctosed 
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loop reactor, or tubular reactor with inlet and outlet ports, a means of heating and cooling, feed tanks and associated 
instrumentation known to those skilled in the art of such polymerizations. 

A preferred continuous solution polymerization process, using a continuous stirred tank reactor, is as follows. 
Monomers, solvent and initiator are fed to the reactor initially as in a semi-batch polymerization and the temperature 
s raised to the desired reaction temperature, typically from 40 to 80*C, preferably from 50 to 70'*C. Monomers, solvent 
and initiator are then fed continuously, either separately or mixed together, and the product is drawn off continuously 
at an equal rate so as to maintain a constant level in the reactor. The initiator feed rate is adjusted in order to maintain 
the copolymer solids at the desired production rate. The product stream is then passed to a distillation apparatus where 
the excess unreacted monomers are distilled overhead. 
. 10 Further details concerning the solution polymerization processes suitable for making the copolymers of the present 

invention are known to those skilled in the art. 

Upon completion of the polymerization, by either batch or continuous methods, of the monomers to form the co- 
polymers of the present invention, and removal of unreacted monomers, the copolymers dissolved in the solvent are 
then contacted with an effective amount of water to form an aqueous-organic liquid medium comprising a dispersion 
IS of the copolymer. This technique is sometimes referred to in the art as 'letdown". 

The copolymer solution can be letdown to form an aqueous copolymer dispersion, for example, by a batch or a 
continuous process. 

In a preferred batch letdown process, the copolymer solution at preferably ambient conditions, but typically not 
more than 50®C. is charged to equipment preferably comprising of a baffled, cylindrical, glass or stainless steel vessel 

so with high shear mixing capability. High shear mixing conditions are important to forming the dispersk>n of the copolymer. 
The mixers can be in-tank or in-line type mixers. Illustrative of the mixers that can be used are Waring Blenders, and 
Premier mixers. The mixer is started and set to the desired high shear rate. Water, preferably deionized water, is added 
in such a manner that it is quickly pulled down and drawn into the mixing copolymer solution. The effective amount of 
water added to create the dispersion is preferably from 0.2 to 1 and more preferably from 0.3 to 0.6 times the volume 

2S of the copolymer solutkxi. The rate of water addition is such that the total quantity used is added over 30 seconds to 
10 minutes, preferably from 1 to 3 minutes. After the water addition, the shear mixing is preferably continued for a short 
period of time, for example, from 30 seconds to 5 minutes, preferably from 1 to 3 minutes. The letdown product is 
obtained as aqueous-organic liquid medium containing the copolymer dispersion. 

In a preferred continuous letdown process, a vessel is employed which contains a high shear mixing head, two 

30 inlet tubes, each tube terminating inside the vessel near the mixing head, an outlet port and associated tubing or piping 
for continuous removal of product, feed tanks, and instrumentation known to those skilled in the art. Baffles may also 
be employed. To operate the system, the one feed tank is filled with the polymer solution, and the other feed tank is 
filled with water, preferably deionized water, each at preferably ambient temperature and typically below 50"C temper- 
ature. Continuous operation is initiated by simultaneously pumping the copolymer solution and water in the desired 

35 ratio. As water and polymer solution enter the vessel bottom and inpinge In the mixing head area, an aqueous organic 
liquid medium containing the copolynrier dispersion is simultaneously removed from the vessel. The ratio of water to 
copolymer solution fed tp the letdown vessel is dependent on the copolymer concentration in the solution, but is within 
the range described with reference to the bulk process. 

Preferably, the letdown process is conducted with the substantial absence of water-miscible bases. For purposes 

40 of this invention, the term "water-miscible base" is used in the broad sense to include any proton acceptor that will 
neutralize the acid functionalities of the copolymer. Exemplary bases may be both organic and inorganic, and include 
alkali metal or alkaline earth hydroxides, such as sodium hydroxide and potassium hydroxide; and ammonium hydrox- 
ide; organic amines including monoalkylamines, alkanolarnines, aromatic amines, cyclic amines and alkylaryl amines. 
Typically, the amount of water-miscible base in the aqueous dispersions of the present invention after solvent removal 

^ as described below in less than 5 wt %, preferably less than 2 wt %, more preferably less than 0.5 wt %, based on the 
total weight of the aqueous dispersion. 

Upon completion of the letdown process, at least a portion of the solvent is removed from the aqueous organic 
liquid medium in order to form an aqueous medium comprising a dispersion of the copolymer. The removal of the 
solvent can be conducted by any means known to those skilled in the art, preferably by distillation. Typical distillation 

so conditions, when acetone is the solvent, include a temperature of from 40 to 65*C and a pressure from 0.34 to 98 kPa 
(0.1 to 29 inches of mercury). After stripping, the aqueous dispersion is preferably filtered to remove debris. It Is pre- 
ferred that the solvent recovered from the separation step be recycled to the solution polymerization reactor. Further 
details concerning the removal of the solvent from the aqueous organk: liquid medium are known to those skilled in 
the art. 

ss The amount of solvent remaining in the aqueous medium after removal of the solvent is typically less than 1 weight 

percent, preferably less than 0.5 weight percent and more preferably less than 0.3 weight percent, based on the. total 
weight of the aqueous medium. The amount of copolymer In the aqueous medium is typically from 20 to 60 weight 
percent, preferably from 30 to 50 weight percent, and more preferably from 38 to 50 weight percent, based on the total 
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»c comprising the water dispersible copolymers of the invention have a variety of end uses in nen«r«i 

whicM^lIor'"' "^''^^ '""^"'^^ ''"^P^^- -t-*'^^ to iimit the scope of the ciaims 

EXAMPLES 

The following Ingredients were used In the examples. 
Chennical Compounds 

?omp1nTSe.wr''*°"''''''''^''°''^^ 

A pigment containing 60 wt % of a phthaloblue pigment in water and proprietary surfactant sold 
as Aquatone Blue WD 1112 by Sun Chemical Company. Cincinnati. OH ^old 
A 40 wt % solution of p-toluene sulfonic acid in Isopropanol and sold as CYCAT" 4040 bv the 
Cytec Industries. West Patterson. NJ. wwoytne 
an antifoam sold by Colloids Inc., Div. of Rhone Poulenc Marietta GA 

Leneta Paoer T^ZT'^rT!^ * Philadelphia. PA. 

Lenete Paper. A black and whrte paper hiding chart that is available from The Leneta Co.. Ho-Ho-Kus. NJ 

soSrunZ rnT •"«t^°'^ PolyOthylene gtcol) 

sow by Un.on Carb.de Conporat«n. Danbury. CTas CARBOWAX® Methoxy Poly^^^^^ 

Hntf„°? """Jber-average molecular weight, dihydroxyl functional poly(ethylene glycol) sold by 
An « nm K CARBOWAX® Polyethylene Glycol ^ ^ 

nni!:T molecular weight, dihydroxyl fractional poly(ethylene gfycol) sold by 

Union Carb.de Corporation, Danbury. CT as CARBOWAX® Polyethylene Glycol MO? ^ 

BAKEUTE® ^-75^.'''""°"' ^^'^'^ ''^'"^ as 

Acommeroialtributoxyethyl phosphite plasticizersold as KP-140 by FMC Corp Philadelphia PA 
A brown commerctel shoe polish sold by The Kiwi Polish Company PTY. Ltd. Korth SugM^ 

Ethoxybutanol sold by Union Carbide Coiporation. Danbury. CTas Butyl CELLOSOLVE™. 



Blue Pigment 1 

Catalyst 1: 

Colloid 770: 
Latex 1: 



PEG 1 

PEG 2: 

Phenolic 1 : 

Plasticizer 1; 
Shoe Polish: 

Solvent 1: 
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Solvent 2: 

Spray Cleaner: 
Urea Resin 1 : 

Vinyl! : 



Vinyl 2: 



Vinyl 3: 
Vinyl 4: 
IS vinyl 5: 



Propylene glycol nr^ononnethyl ether sold by ARCO Chemical Co.. Philadelphia. PA as ARCO- 
SOLVE™ PM. 

Commercial household product sold under the tradename "Fantastik" by Teysize, Greenville. SC. 
A high solids (98%+) urea-formaldehyde resin sold as BEETLE™ 65 by the Cytec Industries, 
West Patterson, NJ. 

A 40 wt % solution of a 82/9/9 weight ratio vinyl chloride/vinyl acetate/glycidyl methacrylate co- 
polymer in a 3 to 2 mixture of methyl ethyl ketone and toluene that is sold by Union Carbide Corp., 
Danbury CT as UCAR(B> Solution Vinyl Resin VERA-40. 

An 81/17/2 weight ratio vinyl chloride/vinyl acetate/male Ic acid copolymer sold by Union Carbide 
Corp., Danbury, CT as UCAR® Solution Vinyl Resin VMCA. 

An anionic waterborne polymer sold as UCAR VV^terbome Vinyl Dispersion AW-850, by Union 
Carbide Corporation, Danbury, CT. 

A vinyl chloride/ethylene waterborne polymer sold as V^ncryl™ 610 by Air Products Co., Allen- 
town, PA. 

An anionic waterborne vinyl polymer sold as UCAR Waterborne Vinyl Dispersion AW-875 by Un- 
ion Carbide Corporation. Danbury. CT. 



Eauipment 

so Mixer 1. A Premier Series 2000, Model 90 dispersator manufactured by Premier Mill Corp., Reading, PA, and 
equipped with a 2.54 cm (1 inch) diameter Simplex mixing head. 

Performance Tests 



25 Blush Rating: 



30 



Chomica! Resistancei 



Impact: 

3S Surface Condition: 
Sutherland Rub Test: 

40 Wet Adhesion: 



4S 



so 



55 



Bell Adhesion Test 



Example 1 



Blush is a hazy appearance caused by water absorption in a polymer film on a substrate 
that is subjected to hot water immersion at 77" C for 45 minutes. Rating: 10 = no change; 
8 = borderline acceptability; <8 = unacceptable appearance. 

These are spot tests wherein the chemical is spotted on the coating and allowed to main- 
tain contact with the coating in an uncovered state for 30 minutes. Atter this time the 
chemical is removed by wiping and the coating is air dried under ambient cpnditk>ns for 
at least ten minutes The coating is then examined for etching, cracking, or other damage. 
A force of 25.4 cm-kg (22 inch-pounds) is applied to the back side (uncoated side) of a 
coated 230 ^m (9.0 mil ) thick aluminum panel. Rating: Pass = no visible cracks; Fail = 
any visible cracking. 

Carried out by touching coating/Ink with a finger. Rating of Moderate and Heavy indicate 

the test material clings to a finger and Dry indicates no adherence to the finger 

A 50-cycle Sutherland rub or abrasion of 1 .8 kg (4 pounds) with Kraft paper facing. Rating: 

Trace Abrasion = less than 10% of the surface marred; Moderate Abrasion = about 50% 

of the surface was marred; Heavy Abrasion = 1 00% of the surface was marred. 

A coated panel is removed from the hot water, blush bath and within 20 seconds it is wiped 

dry, crosshatched with a cutting device, and tested for adhesion by pressing Scotch tape 

#610 to the film and then rapidly pulling the tape free. Rating: 100 = no coating removed; 

95 = 5% of coating removed; 80 = 20% of coating removed, etc., to 0 = coating completely 

removed. If rating number appears in parentheses, they are indicative of the rating after 

the panel has dried under ambient conditions for 20 minutes. 

A tool described as an organic coating adhesion tester made by United States Testing 
Company, Inc., Hoboken, New Jersey, is pressed firmly against the coated surface and 
pulled with a slow, steady motion, producing linear indentations in the surface. The coating 
should conform to the contour of the indentation without cracking, chipping, or separating. 



The following describes preparatton of PEGMERs A through G, wherein the term "PEGMER" is an abbreviation 
for poly(ethylene glycol) maleates or methoxypoly(ethylene glycol) maleates. The following amounts of poly(ethylene 
glycol), ("PEG"), or methoxypoly(ethylene glycol), ("MPEG"), and maleic anhydride were placed in a 1 liter ("L") glass 
reactor (2L for PEGMER G) equipped with a stirrer, temperature sensing device, inlet/exit ports, and nitrogen purge, 
were heated to the indbated temperatures, and were held at these temperatures for the indicated times set forth in 
Table 1. 
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PEGMER 


TYPE PEG or 
MPEG Used 


Ami PEG or 
MPEG used, 


Maleic 
Anhydride, 
grams 


Reaction 
Temp., ''C 


Reaction Time, 
hours 


Water AddeH 
grams 


A 


PEG 1 


600 


15.98 


120 


8 


60 


B 


PEG 2 


600 


9.19 


120 


8 


60 


C 


PEG 2 


600 


14.7 


120 


8 


60 


D 


PEG 2 


600 


18.38 


120/100 


2/5 


60 


E 


PEG 1 


400 


17.04 


120/100 


2/5 


40 


F 


MPEG 1 


400 


11.76 


120/100 


2/5 


40 


G 


PEG 2 


800 


24.53 


120 


8 1 


80 



Intt^H th ' throughout the reaction periods. In those instances where two temperatures and times are 

Inri «n ? . temperature for 5 hours. At the end of the reaction time given in Table 1 coolina was beoun 
Tr^T to *e 1 0% of Initial weight of the poly(ethylene glycol) was added to ^Tel^Z 

PEGMER. The cooled solutions were stored at room temperature for further use soiuion oi me 

was addL' Th °I ^^""^^^ ^' '"' ^ '^'^ to 80-C before the water 

was added. The temperature was then decreased to 65»C and 782.65 grams Cg") acetone was added w!th sti^na 

Snf J^?r 2 ^ ! ! "^^ ^° ''^^ '^''tor and the rinse acetone was added to the same olasS 
^^S^eSL^fhel^^^^^^^ ""'-^ - ^^"'^ ' — - — to obta. theVur^ ^ 

Comparative Exampla A 

of eJ sL^Sb A1 H^l'?? '^J ^ ""^^ t^^' ''««'=^'bed, for example, in Example 1 

o thrstn^mSTvfln^cmSidr^"'^ an acceptable waterborne coating when used to make the preferred copoSers 
^LIT ^. . ^ ! markedly more hydrophobic than most of the vinyl or acr/late rnonomers used in the 

bSn'^n L '"^"^ ^"'^ polymerized micelles in water. Fur^e^^^e Z v^* | S^^^^^^ 

ExaSey«h^«°* "^'T' ^l^"" 1 '■''"•y ►^y^toP^^o^We- and 5 parts of a macromonomer such as described in 

to 70'C. A mixture of 74 parts vinyl chloride. 10 parts vinyl acetate, and 16 parts hydroxypropvl aoo/toXBT^ t^^il 
the reactor over a three-hour period. In addition, a mixture of 0.6 part sodium for^SSTsuSbte ^^^S ^ 
water v^s added over a period of 4 hours. The reaction mccture was maintared^TcJS^^n aS^^ f^o^Zsr 
rj^il T°' ""^^ '° temperature and the unreacted vinyl chloride was purged^Ze reactor ^fe 

Example 2 

h„ hiHSino^^J^ demonstrates preparation of a copolymer in a semi-batch reaction. A Feeding Charge 1 was oreoared 
Chloride. 28g vinyl acetate. 2gofhydroxypropylacrylate.and4goftheacetone solution Of PEGMERA.Thetemperature 
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was then increased to 58°C. When temperature was reached, one tenth of Feeding Charge 1 and one tenth of Feeding 
Charge 2 were added to reactor. After 1 5 minutes second one-tenth portions of Feeding Charge 1 and Feeding Charge 
2 were added to the reactor. This feeding procedure was continued every 1 5 minutes until all of each Feeding Charges 
1 and 2 were added over a total time of 2.5 hours After this time, the reaction mixture was maintained at 58^C for 40 

s minutes and then cooled to room temperature. The excess vinyl chloride was then purged from the reactor and the 
acetone solution of the reaction mass was discharged and stored prior to conversion to a waterbome dispersion. The 
total amount of copolymer produced was about 150g. 

A portion of the acetone solution of the reaction mass was converted into a waterborne dispersion In the following 
manner. An amount of the acetone solution containing 44g of copolymer was placed in a blender and 83g of water 

10 were added with vigorous stirring over a period of 1 5 to 60 seconds. The stirring was then continued for an additional 
60 seconds. The mixture was then placed in a rotary evaporator and the acetone was stripped off under vacuum at a 
temperature of less than 60®C. The resulting stable, milky waterborne vinyl dispersion was between 35 and 45% solids 
and had a mean particle size of less than about 400 nm. and the copolymer had an Inherent Viscosity of between 0.25 
to 0.33. 

IS 

Examples 3 to 7 

Waterborne vinyl copolymers were prepared from the following ingredients in the same manner as described in 
Example 2 except the ingredients and amounts used are as given in Table 2. 

so 

TABLE 2 





INGREDIENT 


EXAMPLE 






2 


3 


4 


5 


6 


7 


25 


inittal Charge 
















Acetone, g 


300 


300 


290 


260 


290 


300 




Vinyl chloride, g 


95 


95 


121 


120 


100 


95 


30 


Vinyl acetate, g 


28 


28 


45 


41 


31 


28 


Hydroxypropyl acrylate, g 


2 










2 




Hydroxyethyl acrylate, g 




2 












Glycidyl methacrylate, g 






0.5 








3S 


Maleic acid, g 






0,5 


0.5 








PEGMER A PEG, g 


4 


4 


4 




6 






PEGMER B PEG. g 














40 


PEGMER C PEG, g 








4 








PEGMER D PEG, g 
















PEGMER E PEG, g 
















PEGMER F PEG, g 












4 


4S 


Feeding Charge 1 
















Vinyl chloride, g 


97.5 


97.5 


105 


103 


105 


97.5 




Vinyl acetate, g 


13.5 


13.5 


18 


16.5 


15 


13.5 


SO 


Hydroxypropyl acrylate 


21 










21.0 




Hydroxyethyl acrylate 




21 












Glycidyl methacrylate 






4.5 










Feeding Charge 2 














SS 


PEGMER A PEG, g 


50 


50 


50 




90 






PEGMER B PEG, g 
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INGREDIENT 


EXAMPLE 


Feeding Charge 2 














PEGMER C PEG. g 








77 






PEGMER D PEG, g 














PEGMER E PEG, g 














PEGMER F PEG. g 












50 


Maleic acid, g 






5 


3 






Isopropylperoxy dlcarbonate. 10% solution in 
acetone, g 


14 


14 


19 


15 


18 


14 



Example 8 and 9 

These examples describe a pilot plant preparation of the water borne vinyl polymers of this invention The polym- 
erizations were carried out in a 3U jacketed, liquid-full, continuous- loop, stainless steel reactor Two separate streams 
were fed into the reactor. The first stream, Monomer Feed, contained vinyl chloride, vinyl acetate, poly(ethylene glycol) 
maleate, acetone, and any optional reactants. The second stream, Catalyst Feed, contained the free-radical generating 
initiator dissolved in acetone. The amount of reactants and reaction conditions are given in Table 3 The reactor was 
run under continuous feed conditions until the desired polymer solids, as determined by densitometer and spot sam- 
pling/analysis for solids, were achieved. The continuous polymerization was then run holding solids constant with the 
product solution (varnish) collected in a stainless steel tank. The product tank was under vacuum during vamish col- 
lection to start removal of unreacted monomer and to cool the varnish to about 20 to 25*C. The varnish was stored 
overnight at ambient temperature before it was additionally vacuum stripped for 4 hours at 25 to 30»C The final varnish 
contained 1 to 5 percent vinyl acetate, less than 0. 1 percent vinyl chtoride. copolymer and acetone (the percentage Is 
dependent on final vamish solids). The polymer solutions were stored for further conversion into waterborne polymer 
compositions. 



INGREDIENTS/CONDITIONS 


EXAMPLE 


8 


9 


Monomer Feed 






Vinyl chloride, g 


6900 


6400 


Vinyl acetate, g 


1150 


1200 


PEGMER G (33% soln. in acetone), g 


1225 


1782 


Hydroxypropyl acrylate, g 


560 




Glycldyl methacrylate, g 




190 


Maleic anhydride, g 




45 


Acetone, g 


7000 


8000 


Deionized water, g 


450 


50 


Catalyst Feed 






Isopropylperoxy dicarbonate, 2.5% solution in acetone, g used/IOOOg Monomer 
Feed 


57 


71 


Monomer Feed rate, g/hour 


-2000 


-2000 


Catalyst Feed rate 


varied* 


varied* 


Polymer solids during reaction, wt. % 


19-21 


14-16 
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TABLE 3 (continued) 



INGREDIENTS/CONDITIONS 


EXAMPLE 


Catalyst Feed 






Reaction temperature, '^C 


62 


60 


Average reactor residence time, hours 


1.3 


1.5 


Total solids of stripped reaction product, wt.% 


37 


22 



Example 10 

This example describes the dilution of the polymer solution from Example 8. A stirred container as described in 
Example 11 betow was charged with 644 grams of Example 8 polymer solution and 292 grams of acetone were added 
under ambient conditions. The resultant solution contained 20 wt % copolymer and 80 wt % acetone. 

Example 11 



This example demonstrates the conversion of the diluted polymer solution from Example 10 into an aqueous pol- 
ymer dispersion by a continuous letdown process. A 12 cm (4 3/4-inch) diameter, 1 .375-liter, stainless steel cylindrical 
mixing vessel equipped with three 1 .3 cm (1/2-inch), stationary, vertical baffles located 120'' apart, iniet.and exit ports 
for introduction of feed materials and removal of product, a Mixer 1 whose mixing head was located 4.4 cm (1 3/4-Inch) 
from the vessel bottom and 1.6 cm (5/8-inch) above the feed tubing inlets, feed tanks, and tubing were used for the 
continuous letdowns. The inlet tubing was arranged In such a manner that feed streams entering the mixing vessel 
would be directed upwards toward the bottom of the mixer head. The outlet port for continuously discharging the 
aqueous polymer dispersion was an overflow nozzle located in the side of the vessel six inches above the vessel bottom. 

One feed tank was charged with 3,524g of Example 1 0 diluted polymer solution and the other with deionized water. 
The process was begun by charging 1070 milliliters ("mL") of Example 10 dilute polymer solution to the mixing vessel. 
Then the mixer was started and set at a speed of 6000 +/-100 revolutions per miriute. At this point, 306mL of deionized 
water were fed to the mixer at a rate of 28.6mL per minute. This additjon filled the mixing vessel. During this filling 
process the temperature ranged between 26 and 29^0. Continuous operation was initiated by feeding Example 10 
diluted polymer solution to the filled vessel at a rate of lOOmL per minute and deionized water at a rate of 28.6mL per 
minute. As these feeds entered the mixing vessel, aqueous polymer dispersion, whose temperature ranged between 
29 and 30**C, was continuously discharged into a storage container. After 25 minutes of continuous operation, feeding 
was terminated. Mixing was continued for two minutes after feed termination. The mixing vessel was drained and the 
aqueous polymer dispersion was added to the storage container. A total of 4056g of aqueous polymer dispersion were 
recovered. 

Example 12 

This example demonstrates a description of a pilot-plant, batch stripping (removal) of acetone from aqueous pol- 
ymer dispersion. A 1 5-gallon, jacketed, stainless steel tank equipped with a stirrer and ports for charging and removing 
materials was charged with 1 7,563g of a mixture containing 25 wt % water, 60 wt % acetone and 1 5 wt % of a copolymer 
solution prepared in a manner similar to that used in the previous Examples. Six grams of Coltoid 770 were added to 
the dispersion as an antifoam agent. Jacket temperature was set at 60^*0. The mixture was agitated with an anchor 
agitator at 30 to 40 revolutions per minute and stripped under a vacuum of 66 kPa (19.5 in. Hg) for 1.5 hours during 
which time the dispersion temperature increased from 34 to 40**G. This was followed by a second stripping operation 
carried out at 37 to 51 kPa (11 to 1 5 in. Hg) for 4.5 hours while maintaining a slow nitrogen purge though the dispersion. 
The stripped dispersion was discharged through a 25 cartridge filter to remove derbis, and 5,845 grams of the 
waterborne vinyl polymer dispersion were recovered. The dispersion coritalned 38% total solids. 

Exanriples 13-15 

Waterborne copolymer products of the Invention containing vinyl chloride/vinyl acetate/glycidyl methacrylate/ 
maleic acld/PEGMER were prepared according to the procedures described in the previous Examples to contain the 
theoretical compositions indicated in Table 4. 
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TABLE 4 





Example 


13 


14 


15 


TYPE PPGMFR IJ^Pn 


C 


A 


A 


pYOfif tftH Prtlvmor Or\tir\r\rseiiiir\n 








Vinyl chloride, weight percent 


65 


72 


70 


Vinyl acetate, weight percent 


8 


12 


12 


Glycidyl methacrylate, weight percent 


6 


3 


3 


Maleic acid, weight percent 


1 


0.5 


3 


PEGMER, weight percent 


20 


12 


12 


Composition of waterborne vinyl soln. 








Polymer, weight percent 


32.4 


40 


42.3 



20 Examples 16-19 And Comparative Examples B. C, and D 

These examples describe preparation of coatings for metal protection. The coatings were tested for Blush Rating, 
Wet Adhesion, and Impact. Those coatings that pass these tests would be suitable for, for example beverage can end 
coating and general metal coatings. The ingredients shown in Table 5 were placed In glass containers and well blended 
2S and then applied by draw-down technique with a No. 6 wire wound rod to chromium treated aluminum panels that were 
229 ^un (9 mils) thick at a coating weight of 0.93 to 1 .24 mg/cm2 (6-8 milligrams per square inch). The coated panels 
were cured 3 minutes in a forced-air oven set at 204°C. The cured coatings were cooled to room temperature and tested. 



Table 5 



30 




EXAMPLES 






Comp. Ex. 8 


16 


17 


18 


19 


Comp. Ex. C 


Comp. Ex. D 




INGREDIENTS 
















35 


Vinyl 1 , g 


30.0 
















Vinyl 2, g 


8.0 
















Vinyl 3, g 












10,0 


10.0 




Example 1 3 Vinyl, g 




10.0 












40 


Example 14 Vinyl, g 






10.0 












Example 15 Vinyl, g 








10.0 


10.0 








Cyclohexanone, g 


9.3 














45 


Solvent 1. g 




1.1 


1.4 


1.5 


1.3 




0.12 




Water, g 




1.1 


1.4 


0.8 


1.3 


1.0 


1.0 




Xylene, g 


9.3 
















Phenolic 1 










0.14 




0.12 


SO 


TEST RESULTS 


















Blush Rating 


10 


6+ 


5 


8+ 


9+ 


9 


9 




Impact Resistance 


Pass 


Pass 


Fail 


Pass 


Pass 


Pass"!" 


Passt 


55 


Wet Adhesion 


100 


95 


100 


80 


100 


0 


40 



TThoso coating had a dark brown coloration and they were unacceptable from an aesthetic standpoint. 



Comparative Example B is an example of the formulation and results obtained with a conventional, commercial, 
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solvent-based vinyl system that would be considered as high quality in nature. In comparison, the waterbome coatings 
from Examples 16 and 17 were deficient in Blush Rating, but Example 16 had excellent impact resistance and wet 
adhesion and would be useful in many metal coating end uses and although Example 17 coating had poor impact, it 
had excellent wet adhesion and too would be good in a variety of metal coating end uses. The waterborne coating 

s from Example 18 had a balance of properties that make it acceptable as an alternative to the solvent-borne coating of 
Comparative Example B. The waterbome coating from Example 19 that contained a small amount of a phenolic resin 
(2 wt % based on the waterbome vinyl polymer) had properties equivalent to the Comparative Example B coating. 
Comparative Examples C and D are commercial waterborne vinyl formulations without (Ex. C) and with 2% (Ex. D) 
phenolic resin based on the waterbome vinyl polymer and are presented to denrwDnstrate the unexpected results of the 

10 coatings of Examples 18 and 19. The coatings of Examples 18 and 19 have surprisingly improved properties over 
those of Comparative Examples C and D. 

Example 20 

IS Comparative Examples E and F 

These examples describe preparation of waterbome inks from a copolymer of the invention and from commercial 
waterborne products that are currently recognized as high quality products for preparation of waterborne inks. The 
following ingredientis set forth in Table 6 were placed in a glass container in the order shown and well mixed by me- 
20 chanical stirring to form the inks. The inks were applied either to Leneta paper card stock or to flexible vinyl substrates 
using a No. 6 wire-wound rod. On the paper substrate the inks were cured by air drying for a period of 24 hours under 
ambient conditions. The test on the vinyl substrate was conducted after air drying two days under ambient conditions. 
The ink of Example 20 and Comparative Example E were formulated as essentially zero VOC inks, but the Ink of 
Comparative Example F could not be formulated as a zero VOC Ink. 

25 

Tables 



35 



45 



so 





EXAMPLE 


COMPARATIVE EXAMPLE 


INGREDIENTS 


20 


- E 


F 


Vinyl prepared as in Ex. 2. g 


10.0 






Acrylic 1 , g 




10.0 




Vinyl 4. g 






15.0 


Plasticizer 1 , g 


0.83 


0.7 




Blue Pigment 1, g 


4.5 


5.0 


7 7 


Solvent 1 , g 






0.5 


Solvent 2, g 






1.9 


Water, g 


2.0 


1.5 


1.5 


Paper Substrate Results 








Chemical Resistance 








Water 


No Effect 


No Effect 


No Effect 


50% "Fantastik" Cleaner 


No Effect 


No Effect 


No Effect 


50% Ethanol 


No Effect 


No Effect 


No Effect 


Gbss, 60 degree 


84 


77 


76 


Sutherland Rub Test 


Trace Abra. 


Heavy Abra. 


Moderate Abr. 


Flexible Vinyl Substrate Result 








Surface Condition 


Dry 


ModerateTack 


Very Tacky 



The ink of Example 20 had chemical resistance equivalent to the commercial products of the Comparative Examples 
plus improved gloss, abrasion resistance, and surface character 
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Examples 21 and 22 



Comparative Examples G and H 

This example demonstrates the use of the copolymers of the present invention as coatings f or v«xxJ Two aqueous 
wate!borrcopTmerdispersionsweremadefromtheingre^ 

Hrtoedtn the Xio^^^^^ and compared with two commercial waterborne products. Comparative Example 

?waf Ssed 5^^^^^ Comparative Example H was based on Latex 1 polymer All coatings contained 

i^by welghTlthyS monobutylSther based on the polymer solkte as a coalescing aid. The then^cp ast.^ 
coa inas^ared f rom the aqueous lacquers are suitable for use as clear coatings, or if desired pigmented coatings 
oTS cabinLts Stures, furniture, an'd similar end uses. For the water spot t^t -d Bel^*es.on -U^'-e^O^ 
um (4-mil) wet films of the aqueous dispersions were cast onto oak veneer. Each wet film was baked for 20 minuses 
TeSc be^re me next coa? was applied (total baking time was 60 minutes). After the final baking step the co^ed 
sLSrL vSs oond«ioned at 40-C fo7 five days before testing. For the spray cleaner spot t-t and sf,oe^^^^^^^ test, 
single 102 ^un (4-mil) wet films were cast onto Leneta paper. The properties of the coatings are gwen in Table 7. 

TABLE 7 





Example 


Comparative Ex. 




21 


22 


G 


H 


TYPE PEGMER USED 


G 


F 






Theoretical Polymer Composition 










Vinyl chloride, weight percent 


70 


67 






Vinyl acetate, weight percent 


12 


6 






Hydroxypropyl acrylate, weight percent 


8 


7 






PEGMER D. weight percent 


10 








PEGMER F, weight percent 




20 






Test Results 










Water spot test 










2-hour contact 


No effect 


No effect 


Blush 


No effect 


20-hour contact 


No effect 


No effect 




Slight grain split 


Bell adhesion test 


No cracks 


No cracks 


Many cracks 


Many cracks 


Spray cleaner spot test, 2-hour contact 


No effect 


No effect 


Slight attack 


Dissolved 


Shoe polish spot test. 2-hour contact 


Trace stain 


Trace stain 


Slight stain 


Severe stain 



The 



results demonstrate that the copolymers of this invention have properties superior to those of commercial products. 



Example 23 

This example describes the results obtained with an ambient-cured thermoset coating prepared «ie acidK^ate- 
Ivzed crosslinkUig with an aminoplast. An aqueous waterborne copolymer dispersKjn was made .n accordance with 
Cro^ es de'schbed in the previous Examples from vinyl chloride, vinyl acetete. ^^^P"^^^;^^''^; 
PEGMER similar to PEGMER G in a weight ratio of 69/5/14/12. The resulting stable water dispersion contained 41 % 
nonvSes by weight and had a viscosity of 101 centlpoise CcP"). The copolymer had an Inherent Viscosity of 0.27. 

A mixer equipped with a Cowles-type mixing head was charged wrth 182.9g of the above ^atertx^rne vinyl copol- 
vme7dTspersion A prefomied mixture of the following components was stowly stirred into the copolyrner dispersion. 
2r5gurra Resin 1^ isopropanol, and I8.8g of ethylene glycol monobutyl «therjmmediate.y before th^^^^ 
»«s IpolSl to the oak wcxxl substrate. 7.5g of Catalyst 1 were added. This fomiulated. crosslinkable coating that had 
n^cS y of eKe"^^^^^ CCP-) CP and 4? wt % nonvo^ti.es was sprayed onto the oak ^^^^^^^^ 
atomized spray gun. The coating dried to a dear. hard, tough film with excellent adhesion and mar res stance Film 
build anS hZu?were excellent'and the coating was substantially free of foam or bubbles. After a-b.em^^^^^^^ 
at room temperature, the coating developed good resistance to water and household chem«:als. If desired, cure rate 
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could be accelerated by heating. 

Although the Invention has been described with respect to specific aspects, those skilled In the art will recognize 
that other aspects are Intended to be included within the scope of the claims which follow. For instance, poiy(alkylene 
glycols) and acids other than those speciftcalty described herein, may be used to make the macromonomers of the 
present Invention. Also, additional monomers other than those specifically described herein, can be used to make the 
copolymers of the present invention. In addition, those skilled in the art will recognize that If desired the copolymers of 
the present invention may. instead of being dispersed in water, be recovered as a dry solki. powder, or solvent ex- 
changed into a solvent commonly used in the coating art, such as, for example, methylethyl ketone, methylamyl ketone, 
cyclohexanone and tetrahydrofuran. 

Claims 

1. An aqueous polymer dispersion comprising: (1 ) a copolymer of (a) 50 to 90 weight percent of a vinyl halide, (b) a 
IS vinyl ester having from 2 to 1 6 carbon atoms In the ester group, and (c) a macromonomer comprising the reaction 

product of (i) a poly(alkylene glycol) having a number average molecular weight of from 2000 to 30.000 grams per 
gram mole and (ii) a carboxylic acid selected from the group consisting of maleic acid, fumaric acid, itaconic acid, 
trimellitic acid, or anhydrides or half esters thereof; wherein said copolymer has an. Inherent Viscosity of less than 
0.6 as determined using an Ubbelohde viscometer according to the procedure of ASTM D1243; and (2) water 

20 

2. The dispersion of claim 1 wherein the vinyl halide is vinyl chloride, vinyl bromide, vinyl fluoride or a mixture thereof. 

3. The dispersion of claim 1 or claim 2 wherein the vinyl ester is vinyl acetate, vinyl propionate or a mixture thereof. 

25 4. A dispersion of as claimed in any one of the preceding claims wherein the copolymer has an Inherent Viscosity of 
from 0.2 to 0.5. 

5. A dispersion as claimed in any one of the preceding claims wherein said poly(alkylene glycol) is a poly(ethylene 
glycol), a methoxypoly(ethylene glycol) or a mixture thereof. 

30 

6. A dispersion as claimed In any one of the preceding claims wherein the copolymer further comprises at least one 
additional monomer selected from vinyl monomers having from 2 to 10 carbon atoms per molecule, acrylates 
having from 3 to 20 carbon atoms per molecule, or a mixture thereof. 

35 7. A dispersion as claimed in claim 6 wherein the additional monomer is hydroxyethyl acrylate, hydroxypropyl acrylate, 
glycidyl methacrylate, maleb acid, or a mixture thereof. 

8. A dispersion as claimed in any one of the preceding claims wherein the copolymer has a mean partk:te size of 
from 0.05 to 0.5|im. 

40 

9. An aqueous polyrher dispersion comprising: (1 ) from 10 to 70 weight percent of a copolymer of (a) from 50 to 90 
weight percent of vinyl chloride, (b) from 2 to 30 weight percent of vinyl acetate, (c) from 5 to 30 weight percent of 
a macromonomer comprising the reaction product of (i) a poly(ethylene glycol) or methoxypoly(ethylene glycol) 
having a molecular weight of from 2000 to 30,000 grams per gram mole and (ii) maleic acid or maleic anhydride; 

^ and (2) from 30 to 90 weight percent water. 

10. A dispersion as claimed in claim 9 wherein the copolymer comprises from 0.5.to 20 weight percent of at least one 
additional monomer which is hydroxyethyl acrylate, hydroxypropyl acrylate, glycidyl methacrylate, maleic acid, or 
a mixture thereof. 

50 

11. A process for producing an aqueous polymer dispersion as defined in any one of claims I to 10 comprising: (1) 
polymerizing monomers comprising (a) from 50 to 90 weight percent of a vinyl halide. (b) a vinyl ester having from 
2 to 16 carbon atoms in the ester group, and (c) a racromonomer comprising the reaction product of (1) a poly 
(alkylene glycol) having a number average molecular weight of from 2000 to 30,000 grams per gram mole and (Ii) 

55 a carboxylic acid which Is maleic acid, fumaric acid. Itaconic acid, trimellitic acid, or an anhydride or half ester 

thereof; the polymerization being conducted in the presence of a solvent for the monomers to form a copolymer 
of the monomers dissolved In the solvent; (2) contacting the copolymer dissolved in the solvent with an effective 
amount of water under shearing conditions to form an aqueous-organic liquid medium comprising a dispersion of 
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the copolymer; and (3) removing at least a portion of the solvent from the aqueous-organic liquid medium to form 
an aqueous medium comprising a dispersion of the copolymer. 

12. A process as claimed in claim 11 wherein the solvent is water miscible. 

13. A process as claimed in claim 12 wherein the solvent is acetone, methyl ethyl ketone, an alcohol or a mixture 
thereof. 

14. A process as claimed in any one of claims 11 to 13 wherein the effective amount of water Is from 0.25 to 1 times 
the volume of the solvent. 

15. A process of as claimed in any one of claims 11 to 14 wherein the aqueous medium comprises less than 1 weight 
percent of the solvent. 

16. A process as claimed in any one of claims 11 to 15 wherein the copolymer has an Inherent Viscosity of less than 
0.6 as determined using an Ubbelohde viscometer according to the procedure of ASTM D1243. 



Patentanspruehe 

1 WSSrIge Polymerdispersion umfassend: (1 ) ein Copolymer von (a) 50 bis 90 Gewichtsprozent eines Vinylhaloge- 
nids (b) einem Vinylester mit 2 bis 1 6 Kohlenstoffatomen in der Estergruppe und (c) einem Makromonomer um- 
fassend das Reaktionsprodukt von (i) einem Poly(alkylenglycol) mit einem Zahlenmittel des Molekulargewichts 
von 2000 bis 30000 Gramm pro Grammol und (ii) einer Carbonsaure. ausgewahit aus der Gruppe bestehend bus 
Maleinsaure. Fumarsaure. Itaconsaure, Trimellitsaure oder Anhydriden bder Halbestem davon; worin das Copo- 
lymer sine togarithmlsche Viskositatszahl von weniger als 0,6 aufweist. bestimmt mit einem Ubbelohde-Viskosi- 
meter nach dem Verfahren von ASTIWI D1243; und (2) Wasser. 

2. Dispersion nach Anspruch 1 . worin das Vinylhalogenld Vinylchlorid. VInylbromid, Vinylfluorid Oder eine IWIischung 
davon ist. 

3. Disperston nach Anspruch 1 oder Anspruch 2. worin der Vinylester Vinylacetat, Vinylpropionat oder eine Mischung 
davon Ist. 

4. DisperskJn nach irgendeinem der vorangehenden Anspruche. worin das Copolymer eine togarithmlsche Viskosi- 
tatszahl von 0,2 bis 0,5 aufweist. 

5. Disperston nach Irgendeinem der vorangehenden Anspruche, worin das Poly(alkylenglycol) ein Poly(ethylengly- 
col), ein Methoxypoly(ethylenglycol) oder eine Mischung davon ist. 

6 Dispersion nach irgendeinem der vorangehenden AnsprOche, worin das Copolymer femer mindestens ein zusatz- 
liches Monomer, ausgewahit aus Vinylmonomeren mit 2 bis 10 Kohlenstoffatomen pro Molekul, Acrylaten mit 3 
bis 20 Kohlenstoffatomen pro MolekOI oder Mischungen davon, umfaBt. 

7. Disperston nach Anspruch 6. worin das zusatzliche Monomer Hydroxyethylacrylat, Hydroxypropylacrylat, Glyol- 
dylmethacrylat, M£Ueins§ure oder eine Mischung davon ist. 

8. Dispersion nach irgendeinem der vorangehenden AnsprOche, worin das Copolymer eine mittlere TeitehengroBe 
von 0,05 bis 0,5 nm aufweist. 

9 WaBrige Polymerdispersion umfassend: (1 ) 10 bis 70 Gewichtsprozent eines Copolymers von (a) 50 bis 90 Ge- 
wichtsprozent Vinylchtorid. (b) 2 bis 30 Gewichtsprozent Vinylacetat. (c) 5 bis 30 Gewichtsprozent eines Makro- 
monomers, umfassend das Reaktionsprodukt von (i) einem Poly(ethylenglyool) oder Methoxypoly(ethylenglycol) 
mit einem Molekulargewicht von 2000 bis 30000 Gramm pro Grammol und (ii) Maleinsaure oder Maleinsaurean- 
hydrto; und (2) 30 bis 90 Gewichtsprozent Wasser. 

10 Disperston nach Anspruch 9. worin das Copolymer 0.5 bis 20 Gewichtsprozent mindestens eines zusatzlichen 
Monomers umfaBt. welches Hydroxyethylacrylat, Hydroxypropylacrylat, Glycidylmethacrylat, Maleinsaure oder ei- 
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ne Mischung davon ist. 

11. Verfahren zur Herstellung einer waBrigen Polymerdispersion. wie in irgendeinem der AnsprQche 1 bis 10 definiert, 
umfassend: (1) Polymerisieren von Monomeren umfassend (a) 50 bis 90 Gewichtsprozent eines Vinylhalogenids, 

5 (b) einen Vinylester mit 2 bis 16 Kohlenstoffatomen in der Estergruppe und (c) ein Makromonomer umfassend das 

Reaktionsprodukt von (i) einem Poly(alkyl en glycol) mit einem Zahlenmlttel des Molekulargewichts von 2000 bis 
30000 Gramm pro Grammol und (ii) einer Carbonsaure, welche Maleinsaure, Furmarsaure. Itaconsaure, Trimel- 
litsaure oder ein Anhydrid oder Halbester davon ist; wobei die Polymerisation in Gegenwart eines Ldsungsmittels 
fur die Monomeren durchgefuhrt wird, um ein Copolymer der l\/lonomeren, gelost in dem Losungsmittel, zu bilden; 

10 (2) Kontaktieren des in dem Losungsmittel gelosten Copolymers mit einer wirksamen Menge Wasser unter Scher- 

bedingungen. um ein waOrig-organisches. flussiges Medium zu bilden, das eine Dispersion des Copolymers um- 
fa3t; und (3) Entf emen zumindest eines Teiles des Losungsmittel aus dem waOrig-organischen, flussigen Medium, 
um ein wa3riges Medium zu bilden, das eine Dispersion des Copolymers umfaBt. 

IS 12. Verfahren nach Anspruch 11 , worin das Losungsmittel mit Wasser mischbar ist. 

13. Verfahren nach Anspruch 12, worin das Losungsmittel Aceton, Methylethylketon, ein Alkohol oder eine Mischung 
davon ist. 

^ 14. Verfahren nach irgendeinem der AnsprQche 11 bis 13, worin die wil^ksame Wassermenge das 0,25- bis 1-fache 
des Volumens des Ldsungsmittels betragt. 

15. Verfahren nach irgendeinem der AnsprQche 11 bis 14, worin das waQrige Medium weniger als 1 Gewichtsprozent 
des Ldsungsmittels umfaBt. 

2S 

16. Verfahren nach irgendeinem der AnsprQche 11. bis 15, worin das Copolymer eine logarithmische Viskositatszahl 
von weniger als 0,6 auf weist, bestimmt mit einem Ubbelohde-Viskosimeter nach dem Verfahren von ASTM D1 243. 

30 Revendlcatlons 

1. Dispersion aqueuse de polym6re, comprenant : (1) un copolym^re (a) de 50 ^ 90 % en poids d'un halog6nure de 
vinyle, (b) un ester de vinyle ayant 2^16 atomes de carbone dans le groupe ester et (c) un macromonom6re 
comprenant le produit de reaction (i) d'un poly(alkylene-glycol) ayant une moyenne num^rique de poids mol^culaire 
3S de 2000 k 30 000 grammes par molteule-gramme et (ii) d'un acide carboxylique choisi dans le groupe consistant 

en racide maldique, I'acide f umarique, I'acide itaconique, I'acide trimellitque ou des arihydrides ou semi-esters de 
ces acides ; dans lequel le copolym^re a une viscositd inhdrente de moins de 0,6, comme d^termind k I'aide d'un 
viscosimdtre Ubbelohde oonform6ment h la m6thode ASTM D1243 ; et (2) de I'eau. 

40 2. Dispersion suivant la revendtcation ^ , dans iaquelle I'halogdnure de vinyle est le chlorure de vinyle, le bromure de 
vinyle, le fiuorure de vinyle ou un melange da ces halogdnures. 

3. Dispersion suivant la revendication 1 ou la revendication 2, dans Iaquelle Tester de vinyle est Tacdtate de vinyle, 
le propionate de vinyle ou un melange de ces esters. 

45 

4. Dispersion suivant Tune quelconque des revendications pr^c^dentes, dans Iaquelle le copolym^re a une viscosity 
inhdrente de 0,2 d 0,5. 

5. Dispersbn suivant i'une quelconque des revendications pr^c^dentes, dans Iaquelle le poly(alkyleneglycol) est un 
so poly(dthyl6ne-glycol), un m6thoxypoly(6thyl6ne-glycol) ou.un mdlange de ces poly(alkyldneglycols). 

6. Dispersion suivant I'une quelconque des revendications pr§c6dentes, dans Iaquelle le copolymdre comprend en 
outre au moins un monomere additionnel choisi entre des monom^res vinyliques ayant 2 ^ 10 atomes de carbone 
par moldcule, des acrylates ayarit 3 et 20 atomes de carbone par molecule, ou un melange de ces monom^res. 



55 



Dispersion suivant la revendication 6, dans Iaquelle le monomdre additionnel est I'acrylated'hydroxy^thyle, I'acryta- 
te d'hydroxypropyle, le m^thacrylate de glycidyle, I'acide mal^lque ou un melange de.ces monomdres. 
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8. Dispersion suivant I'une quelconque des revendications pr^cedentes, dans laquelle le copolym6re a un dlam6tre 
moyen des particules de 0,05 d 0,5 ^m. 

9. Dispersion aqueuse de polym^re comprenant : (1 ) 1 0 & 70 % en pokJs d'un copolym^re (a) de 50 & 90 % en poids 
de chlorure de vinyle. (b) de 2 ^ 30 % en poids d'ac6tate de vinyle, (c) de 5 30 % en poids d'un macromonomdre 
comprenant le produit de reaction (i) d'un poly(6thyl6ne-glycol) ou d'un m6thoxypoly(6thyl6ne-glycol) ayant un 
poids mol6culaire de 2000 ^ 30 000 grammes par mol6cule-gramme et (ii) d'acide maldique ou d'anhydride 
mal^ique ; et (2) 30 a 90 % en poids d'eau. 

10. Dispersion suivant la revendication 9, dans laquelle le copolymfere comprend 0.5 k 20 % en poids d'au moins un 
monomere additionnel qui est I'acrylate d'hydroxy6thyle, I'acrylate d'hydroxypropyle. le m6thacrylate de glycldyle. 
I'acide mal6ique ou un m6lange de ces monom6res. 

11. Proc6d6 de production d'une dispersion aqueuse de polymdre telle que d6finie dans I'une quelconque des reven- 
dications 1^10. comprenant : (i) la polymerisation de monomeres comprenant (a) 50 ^ 90 % en poids d'un halog6- 
n u re de vinyle. (b) un ester de vinyle ayant 2^16 atomes de carbone dans le groupe ester et (c) un macromonom6re 
comprenant le produit de reaction (i) d'un poly(alkyl6ne-glycol) ayant une moyenne num6rique de poids mol6culaire 
de 2000 a 30 000 grammes par molecule-gramme et (ii) d'un acide carboxylique qui est Pacide mal6ique, I'acide 
fumarique, I'acide itaconique. i'acide trimellitique ou un anhydride ou un semi-ester de cet acide ; la polymerisation 
etant conduite en presence d'un solvant pour les nwnomeres en vue de former un copolymdre des monomeres 
dissous dans le solvant ; (2) la mise en contact du copolymdre dissous dans le solvant avec une quantitd efficace 
d'eau dans des conditions de cisaillement pour former un milieu liquide aqueux-organique comprenant une dis- 
persion du copolym6re ; et (3) reiimination d'une partie au moins du solvant du milieu liquide aqueux-organique 
pour former un milieu aqueux comprenant une dispersion du copolymere. 

12. Proc6d6 suivant la revendication 11, dans lequel le solvant est miscible h I'eau. 

13. Proc§de suivant la revendication 12, dans lequel te solvant est Pacetone, la m6thyl6thylcetone, un alcool ou un 
melange de ces solvants. 

14. Precede suivant I'une quelconque des revendications 11 & 13. dans lequel la quantity efficace d'eau va de 0,25 d 
1 fois le volume du solvant. 

15. Precede suivant I'une quelconque des revendications 11 k 14, dans lequel le milieu aqueux comprend moins de 
1 % en poids du solvant. 

16. Procede suivant I'une quelconque des revendications 11^15, dans lequel le copolymere a une viscosite inh6rente 
de moins de 0,6, comme determine a I'aide d'un viscosimetre Ubbelohde conformement k la methode ASTM 
D1243. 
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